Mucopolysaccharide inJiltration oJ tissues in Hurler, Hunter, San Filippo, Maroteaux-Lamy, Morquio and Scheie syndromes causes problems to anaesthetists in the management oJ the airway and in myocardial Junction. Recent experience at the Royal Children's Hospital, Melbourne, is presented with illustrations highlighting these problems.
The mucopolysaccharidoses are a group of syndromes in which enzymatic defects result in deposition of mucopolysaccharide in various tissues. This leads to organ dysfunction and anatomical abnormalities which can be important to anaesthetists. Some of the main features are summarised in Table 1 . I These syndromes are inherited. All are autosomal recessive except the Hunter syndrome which is X-linked. Short stature is a feature of all except the San Filippo syndrome. Death in childhood usually results from respiratory or cardiac failure, although in the San Filippo syndrome, neuronal degeneration may lead to death, often during the second decade.
METHODS
The patients with these syndromes who have had anaesthetics at this hospital between 1977 and 1982 have been reviewed to determine the nature and frequency of problems with anaesthesia. Some of the patients had had anaesthetics before 1977 and these were also included in the study. Table 2 summarises the number of patients with each syndrome and the number of anaesthetics given. No patients with the Morquio or the Scheie syndrome were encountered. Table 3 summarises the anaesthetic techniques and problems encountered in nine patients who had a total of twenty anaesthetics.
DISCUSSION
The problems which these patients presented to the anaesthetist were mainly due to (i) the soft tissue involvement of the upper airways and tongue; (ii) chronic nasal discharge and, (iii) skeletal abnormalities such as a short neck caused by small cervical vertebrae. Neck instability has been reported in the Morquio syndrome 2 and could potentially be a problem in several of these syndromes. Difficulty in maintaining an airway with a mask was common and the insertion of an oral airway was not always helpful. In one patient with Hurler's syndrome the insertion of a nasopharyngeal airway and pulling the tongue forward with a tongue suture relieved the obstruction. This observation was significant when related to the observation made on another patient with Hurler's syndrome that the epiglottis was situated so that its tip was behind the soft palate, as it often is in dogs. The high position of the epiglottis was probably related to the small abnormal cervical vertebrae and might explain why an oral airway often failed to relieve the airway obstruction ( Figure 2) .
Intubation was also difficult 10 these patients. The short neck, high larynx, large tongue and thickened soft tissues might all have Anaesthesia and Intensive Care, Vol. 11, No. 3, August, /983 been contributing factors. These difficulties seem to increase with age. Two children (one with Hurler and one with San Filippo syndrome) were intubated without apparent difficulty when very young but were difficult to intubate during later anaesthetics.
When difficulties with intubation are expected a lateral X-ray of the neck taken to show the soft tissues of the larynx will help the anaesthetist to know the relationship of the larynx to other structures, its level relative to the cervical vertebrae and the angle at which it leaves the oropharynx. A high laryngeal inlet (C2) and an anteriorly inclined larynx will usually make intubation difficult and require backward pressure on the larynx to make it visible at laryngoscopy.
There are many useful manoeuvres which may help in these situations. A second anaesthetist or a competent assistant is strongly recommended. We have found on many occasions that one anaesthetist holding the laryngoscope and manipulating the larynx into view has enabled another to pass the tube into the trachea relatively easily whereas when the assistant has pushed on the larynx the laryngoscopist has failed to pass the tube.
An approach from the corner of the mouth with a short straight blade may allow visualisation of the epiglottis and possibly the glottic opening when the usual anterior approach has failed.
Passing the tube over a malleable guide which has been inserted into the trachea first may also prove successful.
Blind nasal intubation may be successful where oral intubation was not. The tube is well lubricated and passed through the nose with the patient breathing spontaneously. Flexion of the neck and pushing back on the larynx can usually bring the tube into close proximity to the entry to the larynx. If necessary the larynx can be manipulated until the breath sounds are loudest, and the tube then advanced into the larynx. If the larynx reacts to touch at this point it closes and the tube may be diverted into the oesophagus. This can be prevented by passing a catheter into the pharynx, instilling 1 to 2 ml of 2 or 40/0 lignocaine and then pushing the larynx back into the pool of lignocaine. The larynx is thereby coated with local anaesthetic even though it cannot be seen to be sprayed directly. The excess lignocaine is then sucked out through the catheter before it is removed.
If all these methods fail then a catheter (e.g. Intracath) is inserted via a needle passed through the cricothyroid membrane into the larynx. It is then pushed retrograde into the mouth where it can be picked up. The tube can then be guided over the catheter down into the larynx.
Ketamine provided uncomplicated anaesthesia in one child who had difficult or failed intubation on previous occasions. Ketamine maintains muscle tone and a clear airway in normal patients when given alone, and may be a useful agent to consider in these patients.
Cardiovascular problems may result from infiltration of the coronary arteries (the Hurler and Hunter syndromes), valvular disease in the Hurler syndrome and aortic regurgitation in the Scheie and Morquio syndromes. Myocardial insufficiency is a potential hazard in the Hurler and the Hunter syndromes. In one 2-year-old with the Hurler syndrome there was difficulty in maintaining an adequate airway and hypoxia led to cardiac arrest. Repeated doses of adrenaline and sodium bicarbonate that would usually restart the heart were ineffective even though adequate ventilation was restored after difficult intubation. Eventually myocardial function was restored by the injection of 1 ml of 1: 1000 adrenaline. The boy made a good recovery but died 6 months later. His coronary arteries were severely affected by mucopolysaccharide infiltration (Figure 3 ).
Anaesthesia and Intensive Care, Vol. 11, No. 3. August, 1983 FIGURE 3.-A section through a coronary artery of the patient who arrested during anaesthesia and died six months later, showing gross mucopolysaccharide infiltration. Care, Vol. 1/, No. 3, August, 1983 In conclusion, because of the hazards outlined above it is desirable that when these children require anaesthetics they should be given by anaesthetists who are expert in handling paediatric airway problems and resuscitation. The parents should be warned of the risks involved. It is most important that the geneticist or paediatrician who looks after the patient should be consulted before anaesthesia so that potential problems and risks can be discussed.
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